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The Raman peak at 79 cm -1 l i e s  in the phonon 
gap and the o ther  th ree ,  at 60, 106 and 148 cm -1, 
l ie  nea r  max ima  in the phonon densi ty of s ta tes  
in KI [5]. The  las t  two a r e  new peaks not seen 
before  in absorpt ion.  T h e r e  is  no sign in the 
Raman sca t t e r i ng  of the 71 cm - I  gap mode 
p rominen t  in absorp t ion  [1,4]. 

The dynamics  of the NO~. ion a r e  complex.  It 
probably occupies  a posi t ion off cen te r  in the 
[110] d i rec t ion  and thus lowers  the s i te  s y m m e t r y .  
I t  may a lso  ro ta te  or  l i b r a t e  about i ts  t h r ee  
p r inc ipa l  axes  [1]. At this  t i m e  we a r e  unable to 
offer  a def ini te  i n t e rp re t a t ion  of the Raman s p e c -  
t ra .  Work is  in p r o g r e s s  to i m p r o v e  the r e s o l u -  
tion of the equipment  and to extend the m e a s u r e -  
ments  to other  alkal i  ha l ides .  

We wish to thank C . J .  Buchenauer  for  his  a s -  
s i s t ance ,  and P r o f e s s o r  R. O. Pohl and Dr.  V. 
Na rayanamur t i  for  providing c ry s t a l s  and for  
helpful d i scuss ions .  
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It is suggested that the continuous reversal  of apparent circulation around a vibrating wire in liquid He II 
is due to the motion of a vortex-line array called a "vortex wheel". 

T h e r e  a r e  s o m e  p e r s i s t e n t  puzz les  in the in -  
t e rp re t a t i on  of the v ib ra t ing  wi re  expe r imen t s  
which demons t r a t e  the quant izat ion of c i rcu la t ion  
in super f lu id  l iquid he l ium.  Although the s y s t e m  
is  unusually s table  at the p red ic t ed  quantum 
leve l s ,  i t  i s  capable  of changing i ts  apparent  
c i rcu la t ion  in a slow and continuous fashion,  
pass ing  through a sequence  of i n t e r m e d i a t e  
s ta tes  whose na tu re  has  been the subject  of some  
speculat ion.  

In the expe r imen t s  [1,2], l iquid he l ium II i s  
contained in a doubly connected reg ion  bounded 
on the outs ide by a cy l ind r i ca l  wall  and on the 
ins ide  by a thin wi re  s t rung along the cy l inder  
axis  (z -d i rec t ion) .  The  effect  of the rota t ing 
he l ium upon the fundamental  v ibra t ion  of the 
w i r e  i s  governed  by the a v e r a g e  c i rcu la t ion  
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L 
2 

= -~ f K(Z) sin 2 (yz/L) dz , (1) 

0 

L being the length of the cyl inder .  An example  of 
the obse rved  va r i a t ion  of ~ while the appara tus  
was not being ro ta ted  or  o the rwise  de l ibe ra te ly  
d i s tu rbed  is  shown in fig. 1. That this type of 
behav ior  wil l  r epea t  for  s e v e r a l  hours  s e e m s  to 
ru le  out changes of a d i s s ipa t ive  na ture .  

It  has genera l ly  been a s sum ed  [1-3] that the 
non-quant ized  va lues  of the c i rcu la t ion  must  be 
a s soc i a t ed  with v o r t e x  l ines  which a r e  not a t -  
tached to the w i r e  ove r  i ts  whole length. It  r e -  
mains  to explain,  however ,  how the c i rcu la t ion  
can v a r y  without the total  energy of the s y s t e m  
changing, and how any f r e e  sec t ions  of v o r t e x  
l ine,  which must  move with the superf luid,  can 
avoid los ing energy through f r ic t ion  with the 
n e c e s s a r i l y  s ta t ionary  n o r m a l  fluid [e.g. 4]. 

Suppose a plane pe rpend icu la r  to the axis  to 
divide the cy l indr ica i  apparatus  into two reg ions  
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Fig• 1. Average circulation, in units of K o =- h/rn. as 
a function of time. The points are taken from run H-2 

of ref. 2. 

of equa l  a n d  o p p o s i t e  c i rcu la t ions  ± K = ±nK o = 
= ~ n h / m .  The plane i t se l f  contains  an a r r a y  of 
2n quant ized v o r t e x  l ines  a r r a n g e d  l ike spokes;  
we cal l  such a s t r u c t u r e  a "vo r t ex  wheel" ,  and 
show it  s chema t i ca l l y  in fig. 2. Except  for  end 
effects  (see below), the total  energy of the s y s -  
t em is  independent of the locat ion of the wheel.  
When i ts  axial  posi t ion is constant ,  t he re  is  no 
az imutha l  motion of the spokes.  Thus no d i s s i p a -  
tion r e su l t s  f r o m  the p r e s e n c e  of the wheel .  On 
the o ther  hand, if the wheel  w e r e  to dr i f t  f r o m  
one end of the appara tus  to the o ther ,  the m e a s -  
u red  c i rcu la t ion ,  eq. (1), would change cont inu-  
ously (at constant  energy!)  f r o m  +nK o to - n K  O. 

The data of fig. 1 can be approx imate ly  ex-  
plained by a s suming  an axia l  heat  cu r r en t  of 
~ 10-4W, the wheel  moving along the axis  with 
the super f lu id  and rota t ing so as to produce  a 
Magnus f o r c e  opposing the d rag  due to the n o r -  
mal  component• It  would be des i r ab l e ,  in fu ture  
expe r imen t s ,  to provide  hea t e r s  for  producing 
such c u r r e n t s  de l ibe ra te ly ,  and to study h igher  
v ib ra t iona l  modes  of the wi re  in o rde r  to c la r i fy  
the dependence of K upon z.  

Motion of a v o r t e x  wheel  nea r  e i the r  end of 
the cy l indr ica l  con ta iner  will  be pe r tu rbed  by 
image  f o r c e s  whose ana lys i s  s e e m s  r a t h e r  c o m -  
pl icated;  in addit ion,  the dr i f t  may be af fec ted  
by i r r e g u l a r i t i e s  in the actual  expe r imen ta l  y e s -  

Fig. 2. Schematic representation of streamlines as- 
sociated with a vortex wheel. 

sel .  If the vo r t ex  wheel  w e r e  r ep laced  by a plane 
shee t  of discontinui ty,  the end effects  would be 
absent .  P r e s u m a b l y ,  however ,  such a conf igura -  
tion would be unstable  agains t  breakup into v o r -  
tex l ines  [5,6]. 

We a re  indebted to S . C . W h i t m o r e ,  both for  a 
s t imula t ing  talk which began our thoughts on this 
subjec t  and for  helpful in format ion  r ega rd ing  the 
exper iment .  
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